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Abstract 
The LEACH protocol is a popular protocol used in wireless sensor network analysis and simulation. This paper 
analyses the effect of varying the parameter values used in the LEACH protocol. In particular, we study the effect of 
the bit rate and operational frequency on the free space factor, and the effect of the antenna heights on the multipath 
factor. Simulation results are presented. We show that the parameters normally used apply to a specific network only. 
Network lifetime results obtained using one set of parameters are not easily generalized 
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1. Introduction 
Wireless sensor networks (WSNs) are a current topic of research. Although the field has not developed 
as fast as some had expected [1], intense research continues. WSNs are proposed for applications as 
diverse as military, business, and healthcare [2].  For example, a recent study on WSNs in the oil, gas, and 
resource industries is presented by the authors of [3]; a healthcare monitoring application is presented in 
[4]. The LEACH protocol [5], remains a popular protocol for researching WSNs. It assumes that the 
network is subdivided into groups of nodes, called clusters. Each cluster contains a cluster head, which 
receives data from the other nodes, aggregates the data, and transmits to a base station. The LEACH 
protocol contains models for the energy used in receiving, transmitting, and aggregating data. The authors 
of [5] specified parameter values for transmission energy expended by sensor nodes based on assumptions 
about their electronics and physical properties. In this paper we analyse the effect of varying the 
parameter values used in the LEACH model. We select parameter values based on the varied physical 
properties of the networks developed and the introduction of new transceiver modules in the decade since 
the introduction of the LEACH protocol. Section 2 addresses related work. Section 3 summarizes the 
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LEACH energy model. Section 4 examines the effect of different parameter values. Section 5 presents 
experimental results, and Section 6 contains the conclusions and discussion. 
2. Related Work 
Many studies have used the LEACH protocol. It continues to be reported in papers today. In some 
cases, new methods are compared against it. Other authors continue to propose improvements. We refer 
to these protocols as LEACH-like protocols. In some cases, relatively new techniques, such as 
evolutionary algorithms, are used to improve LEACH-like protocols. For example, the authors of [6] 
recently proposed an evolutionary based clustered routing protocol. Other authors propose improvements 
to various aspects of the LEACH protocol, such as clustering; as in  [7] where the authors propose a new 
energy efficient protocol that improves upon the clustering method of LEACH-like protocols. Other 
recent studies include [8] in which a new energy efficient protocol that improves upon LEACH for large-
scale wireless sensor networks is proposed. The authors of [9] propose a clustering protocol for wireless 
sensor networks having mobile nodes. The authors of [10] present the results of a study on the 
performance optimization of four LEACH-like protocols. These studies use the same parameters, 
particularly the free space factor and multipath factor, specified in LEACH. To the best of our knowledge, 
other authors have not investigated the effect of changing the parameter values originally proposed by the 
authors of the LEACH protocol. 
3. Energy Model 
The energy model used in LEACH-like protocols assumes that transmission energy is composed of a 
constant amount of energy consumed by the electronics and a propagation energy proportional to the 
transmitter – receiver separation distance raised to a power of 2 or 4, depending on whether the distance is 
larger or smaller than the crossover distance [5]. The transmission energy depends on the number of bits 
transmitted. 
The energy required to transmit an l-bit message is  
 
   nelecttx dllEE P                              (1)  
 
where  
l is the number of bits; 
Eelect is  the energy consumed per bit by the electronics; Pdn is the propagation energy per bit. (The factor P is a constant that depends on the propagation loss) ; 
d is the distance of transmission; 
n is the propagation loss exponent.   
For distances smaller than d0, the value of P is based on the Friis free-space equation. The propagation 
energy is therefore  
 
   21 dllEE fselecttx H   for 0dd d                 (2) 
 
where Hfs = Pis the free space factor.   
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For distances smaller than d0, the Friis free space equation is used for the transmission power [11]: 
 
   Pt (d)  Pr 4Sd 2L
GtGrO 2
                          (3) 
 
where 
Pr is the minimum receive power; 
Gt and Gr are the gains of the transmitting and receiving antennas respectively; 
 O is the wavelength of the carrier; 
d is the receiver-transmitter separation distance; 
L is a system loss factor. 
 
For distances greater than the crossover distance, the two-ray model, which uses a path loss exponent 
of 4, is used [11]:          
 
   Pt (d)  Prd
4
GtGrht
2hr
2
                          (4) 
 
where ht and hr are the heights of the transmitting and receiving antennas above ground respectively. 
 
At the crossover distance, (3) and (4) yield the same value. The LEACH model derives the crossover 
distance based on this observation. The value of Hfs = P is determined by observing that the transmission 
power is equal to bit rate times the propagation energy per bit: 
 
   Pt (d)  RbH fsd2                (5) 
 
where Rb is the bit rate. 
 
An expression for Hfs is found by equating (3) and (5): 
 
   H fs  Pr 4S 
2L
O 2GtGr Rb
                 (6) 
 
The energy equations and the value of P for distances greater than d0 are found using a similar derivation. 
The value of P is called the multi-path factor, Hmp. Therefore 
 
   Etx2  lEelect  lHmpd4                (7) 
 
   Pt (d)  RbHmpd4                 (8) 
and an expression for Hmp is found by equating (4) and (8): 
 
   Hmp  PrRbGtGrht2hr2
                (9) 
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The crossover distance, d0, is found by equating (5) and (8) 
 
   d0  H fsHmp                (10) 
 
4. Parameter Values 
The LEACH-like protocols use parameter values introduced in [11]. However, the values were 
calculated based on a number of assumptions. In this section, we show how the parameter values change 
when other assumptions are made. 
4.1. LEACH Parameter Values 
  The LEACH protocol uses Hfs = 10 pJ/bit/m2 and Hmp = 0.0013 pJ/bit/m4.   These factors are based on 
the assumption that the node transmitter operates at a frequency of 914 kHz and a bit rate of 1 Mbps, and 
that the antennas are 1.5 m above the ground.  
The free space factor, Hfs, is calculated from (6) based on the following parameter values: 
Gt = Gr = 1 
 O = c / f = 3x108 / 914x106 =  0.328 m 
L = 1 
Rb = 1x106 bps 
Pr = 6.3x10-9 W 
 
The multipath factor, Hmp, is calculated from (9) using ht = hr = 1.5 m. From (10), the crossover 
distance is d0 = 87 m. 
4.2. Alternate Parameter Values Based on bit rate and Frequency 
  The frequency and bit rate used in [11] were 914 kHz a 1 Mbps respectively. However, today the 
values specified in IEEE standard 802.15.4 [12] are popular for wireless sensor networks.  They are 2.4 
GHz and 250 kbps. Using these values in (6) and (9) yields the following values for Hfs  and Hmp: Hfs = 255 pJ/bit/m2,  Hmp = 0.0050 pJ/bit/m4. 
Both these values are significantly larger than the corresponding LEACH protocol values. The free 
space factor is more than 25 times larger and the multipath factor is almost four times larger.  
From (10), the crossover distance is d0 = 227 m. 
4.3. Alternate Parameter Values Based on Antenna Heights 
The LEACH-like protocols assume transmitter and receiver antenna heights of 1.5 m from the ground. 
These estimates may not be realistic assumptions in some cases. For example, in agricultural applications 
antenna heights may be shorter. Also, the base station antenna may be at a greater height off the ground 
than the sensor node antennas, compounding the problem of estimating the antenna height value. The 
multipath factor is sensitive to changes in antenna height because of the square terms in (9). For example, 
if receiver and transmitter heights are assumed to be 1m, and all other values remain the same as the 
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LEACH protocol values, (9) yields a multipath factor of Hmp = 0.0063 pJ/bit/m4, an almost fivefold 
increase over the LEACH protocol value of Hmp = 0.0013. The free space factor is not dependent on 
antenna height; it therefore remains Hfs = 10 pJ/bit/m2. Equation (10) yields a crossover distance of d0 = 
38.3 m in this case. 
5. Experimental Results 
Results were obtained from a matlab simulation, averaged over 20 trials. Table 1 summarizes the 
parameters used in simulations. 
Table 1. Simulation Parameters 
 
Parameter Value 
Sensor deployment area 100 x 100 m 
Base station location (50, 150) m 
Number of nodes 100 
Data packet size 100 bytes 
Control packet size 25 bytes 
Initial energy of sensor 0.5 J 
Aggregated packet size from cluster head 500 bytes 
Electronics energy 50 nJ/bit 
Free space factor 10, 255 pJ/bit/m2 
Multipath factor 0.0013, 0.0050, 
0.0063 pJ/bit/m4 
 
Figure 1 shows results using the LEACH protocol with the LEACH parameter values and the LEACH 
protocol with the parameters from Section 4.2 and Section 4.3. 
 
 
Figure 1. Percentage of Alive Nodes vs. Number of Rounds:  
Figure 1 shows results using the original LEACH parameters as a solid line. The dash-dot line shows 
the results using the parameter values from Section 4.2, and the dash line shows results using parameters 
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from Section 4.3. The figure legend shows the actual free space factor and multipath factors used in each 
case. The network lifetime is diminished using the parameter values from Section 4.2 and Section 4.3, as 
compared to the original LEACH values. The reduction in lifetime happens because the free space factor 
and the multipath factor are larger, indicating greater transmission energy consumption. Results also show 
that the first node dead happens on average after 774 rounds using the original LEACH protocol, after 
445 round using the values from Section 4.2, and after 383 round using the values from Section 4.3.   
6. Conclusions and Discussion 
Results show that the LEACH model free space factor and multipath factor vary greatly depending on 
the frequency and data rate, and transmission and reception antenna heights assumed for the sensor nodes. 
Consequently, the choice of parameters has a significant effect on the network lifetime. When the original 
LEACH protocol parameters are used, analysis and simulation results apply to sensor nodes that operate 
at 1 Mbps and 914MHz, and have antenna heights of 1.5 m only.   
Results obtained using these parameter values cannot be generalized to other networks, such as those 
that use the popular cc2420 transceiver. Also, antennae heights may be significantly lower than 1.5m in 
some networks. The LEACH model uses a simple energy model and is limited. It does not consider 
transmission errors, for example. These limitations may lead to incorrect conclusions. It cannot be 
concluded that a network operating at 2.4 GHz and 250 kbps will have a shorter lifetime than a network 
operating at 914 MHz and 1 Mbps, as the simulation results would suggest. In addition, the receive power 
of sensor nodes operating at 2.4 GHz may be significantly less than that assumed in the LEACH. This 
factor requires further investigated. Future work will focus on obtaining factors from real world sensor 
experimental results based on the log-distance path loss model. 
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